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Synopsis
This paper proposes the estimating method of weather conditions of some place at some time using image
colors which change along with the varying of weather conditions. Our method uses the time-varying curve of
solar energy and the image colors. This may avail outdoor object recognition under bad weather conditions, for
example, a cloudy day and a rainy day or in the early morning and evening and so on. We also discussed some
other possible application such as the time inference etc. In other words, the system may estimate the possibility
of the time when the input image is taken. We have confirmed the effectiveness of our method through
experimental results.
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1. Introduction
In this paper, we propose a method for estimating weather conditions of some place at some time. This
method uses the color information of the photographs taken in an outdoor scenes and the time-varying of solar
energy. At first, we construct the frame for the time-varying of natural illumination in some clear day at some
place. In the case of a cloudy day and rainy day, we can estimate these weather conditions through the color
feature-differences among sunshine, cloudy and rainy days. These differences are obtained by actual observation.
We know that natural illumination varies with the solar altitude. The axial rotation of the earth is the cause of
these varieties. Because the earth's axis is not perpendicular to the ecliptic plane, the solar angle of incidence
varies according to the days. This phenomenon is the cause of the variety of the sunshine duration. The hours of
daylight and the solar angle of the incidence determine how the luminous intensity changes every moment in a
clear day. We deduct the expressions based on the simplified model of the solar-terrestrial relationship. In this
model, it is supposed that solar radiation may be constant and the earth's orbit is a circle. In addition, by reason
that the atmosphere has a very low absorption ratio of visible light and we use only visible light, the atmosphere
influence is ignored.
We take the photographs not only on clear days but also on cloudy days and rainy days so that we can
measure the variations of reflection under these weather conditions. The variations of reflection represent the
variations of luminous incidence. Hereon we suppose that the relation between the incident intensities and the
reflection ones is linear, and that the variations of the reflection ones can be observed by the color information of
the photographs. In this way, we can find a way to link up the incident light with the color information. Using the
data got from the photographs we can determine some coefficients and get the expressions. Using these
expressions, we can estimate the luminous intensity of any place at any time in any day. Through processing the
photographs, we also can estimate the weather conditions of the same place at the same time when the
photographs were taken. These information of the weather conditions can be used in many respects of the ima,ee
processing under bad weather conditions such as road sign recognition/-3) study on variations of illumination, ,5)
surface color estimation,6) researching about the weather effects on images7-11) and so on.
The rest of the paper is organized as follows: Section 2 presents the relations between the incident intensities
and the color feature variations, and also discusses the internal relations among the color feature variations. In
Section 3, we introduce the method for estimating weather conditions and other possible application. We carry out
the experiments using actual images in Section 4. Finally, conclusions and future works are discussed in Section 5.
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2. Variations of Incident Intensities and Color Features
For gaining our aims, we must sort out the relations of incident intensities and color feature variations and
the internal relations of the color feature variations. We find some interesting phenomena as follows by
experiments and get some purchase on our aims from them.
2.1 Relations between Incident Intensities and Color Features
In Fig.l, the blue curve is the time-varying of R component in the red block of Color-board on November
first, 2005. It is easy to see that this curve resembles a sinusoid. This is not an accident. Many people who studied
atmospheric physics, solar energi' the meteorology and so on, found many facts about the time-varying of the
incident intensities from the sun.1 -14)
In the same place, we assume that only hour angle changes with time during a day. If we know the date, we
can calculate the celestial declination and also can know the time of sunrise and sunset. The latitude also is a given
value.
In spite of many interfering, we may consider that the incident intensity is approximately proportional to the
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Fig.l Time-varying curves: The blue one is the time-varying of R component and the red one is the calculated incident intensity by Eq.(l).
reflection intensity. Then the value of reflection intensity can be described as:
S =C sin ¢ sin <5 + C cos ¢ cos <5 cos t,
1 2 (1)
where S is incident intensity, ¢ is the latitude, b is celestial declination and t is hour angle. C1 and Cz are constants.
We can calculate them at least using two sets of data got by experiments as C1=312.9075, Cz=87.2056.
The aspects of the time-varying are shown in Fig.2.
s
Fig.2 Explanatory figure for Eq:(l).
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The blue curve in Fig.1 is calculated by the Eq.(l). We can see that the red one fits the blue one
approximately. It means that we are able to obtain a method for calculating the R values time-varying of the red
block at every day, if it is fine.
2.2 Internal Relations of the Color Feature Variations of Color Components
We investigated the other time-varying of color features and found some interesting phenomena. Fig.3(a) and
(b) show the time-varying of R, G and B components and the ratio of R, G and B of the red block on October 12,
2005 - the day was fine with cloud at times. Ratio of R is calculated by Eq.(2).
R
r=----
R+G+B'
(2)
where r is the ratio of R component. We calculate the ratios of G and B in the same way and express with g and b
henceforth.
As this figure shows, when the clouds darkened the sun, the value of R dropped off, and contrariwise, r
increases suddenly. Not just the red color, in the red block, the components of other blocks also have the same
characteristic.
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Fig.3: Afine day with cloud at sometimes: (a) the observed R, G and B, (b) the ratios of r, g and b components.
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FigA shows the time-varying of the ratios on a fine day and a rainy day. It is seen that there is obvious
difference between the ratios of the two kinds of days except in the morning and evening. On average, the ratio of
R of a cloudy is larger than that of a fine.
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Fig.4 Comparison of fine day and rainy day with r value.
Fig.S shows the comparison of R of the red block on fine, cloudy and rainy days. We can find some value of
green curve nearing the value of a fine day. The reason is that the clouds became thinner at that second. Even so it
is easy to see that the values of R at sunny time are larger than the corresponding values of R at cloudy and rainy,
and the values of R at cloudy are larger than the corresponding values of R at rainy. We can use these
characteristics to estimate weather conditions at a moment.
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Fig.S Contrasts R values of the red block on fine, cloudy and rainy days, respectively.
3. Estimating Weather Conditions and Other Applications
Based on those characteristics described in Section 2, we introduce some parameters used for estimating
weather conditions in this section and discuss some other applications like time inference and so on.
3.1 Estimating Method
As shown in Section 2, we can calculate the time-varying of R of the red block if we know when and where
the photograph was taken. Because R is impressionable by cloud we calculate the ratio rw for estimating weather
conditions using R by Eq.(3).
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Real-R
r =-----.::=----
W Real
(3)
where rw is the ratio, Real is the calculated value. R is the true value. Then we can estimate weather conditions
using the rules as follows:
(I) fine: ifrw <= 0,
(2) fine or with very thin clouds: if 0< rw <= Th],
(3) cloudy: if Th)< rw <= Th2,
(4) it is much more likely to rain: if Th2< rw<= Th3,
(5) rainy: if rw > Th3•
Here we set Th]=O.2, Th2=0.5, Th3=0.6, which are decided by experiments.
3.2 Other Possible Applications
To some extent, we can also infer the time using those rules as set in forth. For example, suppose that we
know the time-varying curve of a day and have a photograph of the same day but do not know when it was taken.
We can calculate R first, and then contrast this and the time-varying curve. Usually we can find two or more
candidates of the times of a certain value of R, but then we find that the corresponding r is not same as usual
although the R is equal. In this way, we can uniquely decide the time in most cases.
Fig.6 shows that for the same R each ratio is not equal. That is, we can estimate the time using Rand r at the same
time. Then there are several candidates for the times corresponding to the same R or r. But there is usually only
one time when the values of R and r are consistent with the corresponding values on the day. This means that we
can decide the time uniquely.
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Fig.6 A schematic diagram of the time inference.
4. Experimental Results
In our experiments we used a digital camera by Canon and a variously colored board. As shown in Fig.7, we
hung the color-board on a fixed place and took photographs of it every 30 minutes from dawn till dusk. Of cause,
the camera was placed on a fixed place too. For standing out the variations of luminous intensity, we fixed the
sensitivity, shutter speed, aperture and focus by manual.
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Fig.? Color-board.
With those methods as set forth, we took many photographs on many days. Using the proposed method, we
estimate the weather conditions at some times. The experimental results are summarized in Table I and Table2.
The notations used in Table I and Table2 are as follows:
time: the moment when the photograph was taken,
We/Ill: the estimated weather conditions,
Wrea/: the truth of weather conditions,
TIF: the estimated results true or false.
In Table I(a), we used the data of October 19,2005 and estimated the weather conditions of the four moments,
namely 7:30, 9:00, 10:30 and 16:00. In Table1(b), we used the data of October 29,2005 and estimated the weather
conditions of the four moments, namely 7:30,9:30, 12:30 and 16:00.
Table! Weather Condition Estimation.
(a) October 19 2005
time R Real rw IfC) Wetm Wreal TIF
7:30 158 132 <0 rw<O sunny sunny T
9:00 140 203 0.31 Th 1<rw<Th2 cloudy cloudy T
10:30 250 243 <0 rw<O sunny sunny T
16:00 74 100 0.26 Th]<rw<Th2 cloudy cloudy T
(b) October 29 2005
time R Real rw IfC) Werm Wreal TIF
7:30 4 107 0.96 rv;>Th3 rainy rainy T
9:30 29 204 0.86 rv;>Th3 rainy rainy T
12:30 70 238 0.70 rv;>Th3 rainy cloudy F
16:00 65 99 0.34 Th]<rw<Th2 cloudy cloudy T
According to Table!, the estimated results are correct in most cases. There is only one false at 12:30 in
Table1(b). Through the record which noted at the moment when the photograph taken, we knew that at that
moment the rain stopped just a moment ago, it was still covered with very thick clouds.
In Table2 we cloud see the results oftime inference. Here T(R) and T(r) are the times that estimated using R
and r. Te/1Il is the estimated time and Trea/ is the true time when the photograph was taken. Then we cloud correctly
infer the time.
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Table2 Time Inference
R T(R) r T(r) Tetm Treal TIF
9:10 9:18
10:18 9:50
192 10:33 0.62 10:41 14:30 14:30 T
14:30 14:30
15:05
5. Conclusions
In this paper, we have proposed the methods of estimating the weather conditions and inferring the time
when the photograph was taken. This method uses the time-varying curve of solar energy and the image colors.
The proposed system may estimate the possibility of the time when the input image is taken. The effectiveness of
our method has been confirmed through experimental results.
As the future works, we will make further refinements to our method and extend its application so that it may
be used in a moving car and so on.
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